and the McMaster Slide (Gordon & Whitlock, 1939) technique have almost entirely superseded the others.
The McMaster technique is the best method, although it suffers from the slight disadvantage that eggs of Trichuris ovis are difficult to detect because they do not float in the salt solution used. In most methods partial differentiation of the eggs into species can be made because the eggs of Trichuris, Nematodirus and Strongyloides can be easily recognized. This recognition is based upon the fact that these eggs differ considerably in size and/or shape from each other, and also from the main body of trichostrongyle eggs found in sheep faeces. For many purposes, however, the proportion of eggs of Trichuris, Nematodirus and Strongyloides is relatively unimportant, and knowledge of the numbers of the more pathogenic species is required. In such cases, faeces-charcoal cultures are prepared and the resulting larvae identified. This latter method has numerous faults, and most workers who have employed it extensively will have been conscious of difficulties in standardizing the technique. The recovery of different species of larvae from cultures seems to be dependent upon the amount of moisture in the culture jars and the temperature and time of incubation. Thus, apart from the method being slow and laborious, dif- ferential counts do not necessarily give a good estimate of the species of worm eggs in the sample. Moreover, a relatively highly skilled operator is necessary for the identification of larvae.
The problems of diagnosis of species by examination of eggs has been discussed by many authorssee Ransom (1911) , Monnig (1934) , Ross & Gordon (1936) , Freeborn & Stewart (1937) , Shorb (1939 Shorb ( , 1940 , Tetley (1941a Tetley ( , 6, 1949 and Kates & Shorb (1943) . Shorb (1939) indicated how various species of eggs might be identified in mixed nematode infections of ruminants. He used fifteen diagnostic characters, of which only two referred to egg dimensions. The other characters used are difficult to determine and necessitate decisions being made with only arbitrary standards as a guide. Both Shorb (1940) and Tetley (19416) showed how eggs of species of certain genera could be distinguished from other members of the genus. Tetley (1941a) showed how eggs of Haemonchus contortus could be identified in mixed populations. Obviously these workers' methods are only applicable under special conditions. Tetley (1949) used a graphical method to indicate how in certain cases an egg could be assigned to a species.
After consideration of the previous work it was decided that any method which attempted to identify individual eggs in a mixed sample was impracticable and that egg differentiation could only be made on a probability basis with large samples. Measurements of the long and short axes of eggs seemed to be the only easily determined statistics which could be obtained efficiently. The measurements of Shorb (1939) could not be used because, first, it was not known if the dimensions of eggs of species in the United States were exactly the same as those in Great Britain; secondly, Shorb did not give details of the frequency distribution of dimensions; thirdly, Shorb did not describe his method of measurement, and although he gave means and standard deviations the degree of accuracy of his measurements could not be assessed. It was decided to measure eggs of different species, using a method which could be standardized.
II. METHOD One hundred mature females of each of the following species were picked at random from collections of worms taken from a number of sheep:
Haemonchus contortus, Cooperia curticei, Trichostrongylus axei, T. vitrinus, Bunostomum trigonocephalum, Chabertia ovina, Oesophagostomum venulo- sum and Ostertagia spp. It is to be noted that while the females of species of Ostertagia could not be distinguished, almost all the eggs from females of this genus were probably 0. circumcincta because the number of males of O. trifurcata and 0. ostertagi occurring in the samples was negligible.
With each species of worm the procedure was the same. One egg was dissected from each worm and mounted in sufficient water to prevent distortion when a cover-glass was added. So far as could be ascertained, the egg nearest the vulva was used in each case.
Measurements were made by using a microscope (x 15 ocular, 16 mm. objective) fitted with a camera lucida, the image being measured with an ivory scale accurately subdivided into millimetres. The equipment was calibrated by using a stage micrometer slide, the microscope being adjusted until 0-1 mm. on the micrometer coincided with 40 mm. of the ivory scale seen as an image in the camera lucida. Measurements were thus made with 2-5/L4 as a unit (= 1 mm. on ivory scale), and each dimension was expressed as n x 2-5/i, this being the mid-point of a linear interval that the form of distribution is similar to that given by Tetley (1941a Tetley ( , 6, 1949 for H. contortus and N.filicollis and N. spathiger. The general pattern of distribution of eggs in a mixed sample containing equal numbers of each species can be seen by superimposing the graphs on common axes. Tables 2-9 show the frequencies of length and width distribution for the different species. In each table is given the frequencies calculated on the assumption that the distribution is normal. The goodness of fit of the calculated with the observed frequencies is given.
(3) Frequency distributions of the linear dimensions of the eggs
It will be seen that P x » varies between 0-1 and 0-7 if T. vitrinus width is excluded. In the case of T. vitrinus the calculated frequency is significantly different from the observed one (P x «<0'01), and for this reason the observed figures for the width of this species are used in later calculations.
IV. DISCUSSION OF RESULTS OF
EGG MEASUREMENT There is fairly close agreement between the measurements of the eggs and the figures quoted by Shorb (1939) . In every case, however, the range of length and width given by Shorb is smaller (Table 1) .
It is probable that this discrepancy may be due to the fact that only one egg per worm was measured in the present work, whereas it is obvious from Shorb's description that he measured several eggs from each worm. The authors have noted that when only the first egg from the vulva of each worm is measured the range is slightly greater, presumably because a larger sample of worms has been used. The main discrepancy between Shorb's figures and our own is in the case of Oesophagostomum venulosum, but it must be noted that in this case Shorb used eggs from worms which had been obtained from goats. The size distribution of eggs (Figs. 1-5) is of the same general pattern described by Tetley (1941 a, b) . This author assumes that the distribution of length and width of Haemonchus is bivariate (1941 a). It is clear from Figs. 1-5 that there is little or no correlation between length and width in any of the species considered.
In all species except T. vitrinus the distribution of length and width is approximately normal. Tetley assumes that this is so for H. contortus, N. spathiger and N. filicollis by his construction of areas calculated from his value for means and standard deviations. The exceptional case (T. vitrinus width) will be investigated more fully later, but for the present purpose the actual figures have been used. It is to be noted that the main difference between the observed and calculated distribution is in the central part of the distribution, the 'tails' showing fair agreement. Mean width, 35-6 ft Standard deviation, 1-8/* Goodness of fit, ^. = 0-3-0-5 Mean width, 51-00 /i Standard deviation, 2-397/x Goodness of fit, P a ., = 0-5-0-7 deviation, 2-858 ft of fit, P x i = 0-3-0-5 V. EGG DIFFERENTIATION From the data cited in the foregoing sections a method of egg differentiation has been devised. This method is based upon the statistical chances of eggs of different species falling into particular size classes. To some extent the 'free areas' methods of Tetley (1941a Tetley ( , 1949 have been incorporated, but basically the principle is different from Tetley's in so far as no attempt is made to identify individual eggs. The differentiation is made by reference to the gross pattern produced by overlapping populations of size groups which differ numerically according to the size of each species population in the sample.
In the ensuing section the theoretical analysis is developed and method of interpretation of results is described. Table 10 shows the calculated distribution (except in t h e case of T. vitrinus) of percentages of the eggs of the different species within various limits of length and width. From these five classes, since the distribution of length and width is considered to be bivariate, one more class can be derived: (6) Interpretation of class distributions within a mixed sample of eggs If, in a mixed sample, the number of eggs which fall into class A is a, into class F is /, into class M is TO, into class Q is q, into class J is j , into class F (of A) i s / (of a), then the total number of eggs (N) Paiasitology 43 in the sample is (j+f+q), and the following interpretations of the class distributions can be made. In each case the contributions of species other than those with a large percentage of their eggs in the class under consideration have been ignored. The significance of the ignored contributions will be discussed at a later stage when an estimate of their sizes can be made.
(a) Theoretical distribution of the linear measurements of eggs
Class
Interpretation of class F (of A)
The species with a large percentage of its eggs in this class is H. contortus. If its eggs are present in the mixed population 86-69 % will be in class F (of A) and an estimate of the total population of H. contortus eggs (-Pi) will be -Pi = ¥ ( / (of a)).
Interpretation of classes A and F (of A)
The composition of these two classes differs mainly in relation to C. curticei eggs. Thus -f (of a) ), thus an estimate of the total population of C. curticei eggs (P 2 ) will be P* = ¥(«-/ (ota)).
Interpretation of class J
Two species, G. curticei and T. axei, have large percentages of their eggs in this class. If eggs of these species are present 95-99 % of C. curticei eggs (P 2 ) and 40-9 % of T. axei eggs (P 3 ) will be in class J and an estimate of the total population of T. axei eggs will be
Interpretation of class M
Two species, T. vitrinus and O. venulosum, have significant percentages of their eggs in this class, and if their eggs are present 49-19% T. vitrinus eggs and 49-63 % O. venulosum eggs will be in class M. Thus an estimate of the total populations of T. vitrinus eggs (P 4 ) plus O. venulosum eggs (P g ) will be . From these interpretations it is possible to arrive at relationships between the totals of eggs falling into various classes and the specific populations of a mixed sample. The relationships are stated below for a mixed sample of size N:
(of a)), = ±£(a-f (of a)), ( 2 )) t T. vitrinus (P 4 ) + 0. venulosum (P 8 ) = 2m, B. trigonocephalum (P 5 ) + C ovina (P 6 ) + Ostertagia spp. (P 1 ) = N-'EP 1 P i P s P i P s .
(c) Method of application of the derived relationships to differential egg counts The proportion of eggs of different species in a mixed sample can be estimated by using the relationships derived above.
The method involves classifying 100 eggs from sheep faeces into the classes previously defined in this paper and tabulating the totals of eggs which fall into each class. The scale is prepared by making a large proportional drawing and photographing it so that the required reduction in size is obtained. Use of a standard line, which must be of a certain length at Faeces are prepared for sampling as in a normal egg count (McMaster slide) method, and are viewed through a microscope fitted with a camera lucida and equipped and calibrated as previously described in this paper. Linear measurements are not made but the images of the eggs are superimposed upon that of a scale (described later) which is constructed so that direct classification of the eggs is possible. The totals for each class are recorded in tabular form under their respective class headings. Nematodirus and Strongyloides eggs are recorded separately and do not contribute to the total of 100 eggs.
Substitution of the class totals in the derived relationships gives estimates of the various specific populations. Table 11 shows the results obtained when the method was used with mixed populations of eggs. These mixtures were prepared by random sampling of eggs which had been classified after dissection from identified worms. the reduced size, is useful to obtain the correct reduction and to ensure that paper shrinkage has not taken place during the preparation of the photographic positive which forms the scale.
VII. DISCUSSION OF METHOD OF EGG DIFFERENTIATION The method described for differentiation of eggs in sheep faeces could be generally applied where only the same species are encountered. A new series of equations would be necessary where Oaigeria pachyscelis, O. columbianum and Ostertagia marshalli occur. The limitations of the method are concerned mainly with the number of eggs to be classified. The minimum number which can be usefully employed is one hundred, but better estimates might be expected if large numbers were used. The use of large numbers presents no difficulty where the proportion of different species occurring in a flock is required, because the individual readings can be pooled. Where estimates for individual sheep are to be made the method is more laborious. For flock examinations the time required for classification and counting is approximately twice that necessary for counting by the ordinary McMaster method.
The advantages of egg differentiation are:
(1) The method is more rapid than culture and subsequent identification of larvae.
(2) There is less variation than in larval culture methods in which the conditions in the culture affect the migration and recovery of species differentially.
(3) An operator skilled in larval identification is not required.
The disadvantages are (1) The method can only be applied to fresh faeces, and material cannot be stored for future reference and checking.
(2) The accuracy of differentiation increases with number of eggs classified, but the results can only be regarded as an estimate which is more accurate for the more numerous species in any sample.
This latter point also applies to larval identification, but whereas a positive result in the larval identification method always has some meaning, a small positive result in the egg differentiation method may not. 2. Frequency distributions of the linear dimensions of the eggs of each species are given, together with the frequencies calculated on the assumption that the distributions are normal.
3. A method of species differentiation based on egg measurements is described, the method being based upon the statistical chances of eggs of different species falling into particular size classes.
4. The application of the method and the construction of a classifying scale are described.
